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Process Overview

CURRENT ALTERNATE PILOT
APPROACH 4 METHOD/ / PROJECT 7

' -« Create a FLC

- TO measuring - Complement the I. Develop and

software to
build the FLC
simulation tool.!

the adequacy of | testing process integrate a ° MTV simulation
military cooling :. Informed deC|S|onsl powertrain |- PIP - Based on vehicle
(S:g?]tdel:?:f \I/Seﬁ(i)cle - Minimize Testing cpoll?g_ - Improve cooling . test (_jata N
Full Load Cooling;° Maximize Test 5 i:arggbail;[ilg/n - Conduct FLC Test - predict critical
tests . Results - Capture data . fluid temps.

- Production ' - Provide the - Selected a 1D  + 6X6 Truck . Validate
vehicles ability to do » fluid flow - Multiple variants | . Compare

. Controlled \ quick what ifs . analysis . Common Chassis results
laboratory . » Save time . commercial ! - Check accuracy

environment - Reduce costs

- Simulating field !
operating
conditions
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Current Approach

'Products Test@l‘ Eesting Service‘ ﬁest Capabilitie‘

Complete Vehicles ifi I
e Te Qualification/Acceptance e
Tactical . Full Load Cooling
Performance/Durability Fuel Consumption
Power_trains Heat Soak
U Research/Development
Transmissions Performance Tests
& Components . . Engine
_ Evaluation of Field Problems Transmission
Radiators Radiator
Air Cleaners O
Grilles Product Improvement Programs i
Roadwheels/
Tires
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Current Approach

Powertrain cooling tests conducted on tactical & tracked vehicles

Vehicle Under Test

!_!
"'h..____
.
B,

Solar Radiation
355 Btu/hr-ft?2

Unique environmentally
controlled test chamber

Dynamometer
Absorption up to
70,000 ft-Ib per side

50 ft high x 80 ft in dia

Ambient Air up to 160°F Air Flows < 20 mph

Top View of Cooling Test Chamber

Monitor critical temps to ensure they are within allowable limits.




Current Approach

Two main tests
@ evaluate vehicle Q
IFMIUL "_-,@ cooling systems IFMILIL P @WE

Ambient Air = 120°F Ambient Air = 120°F
High Load
Low Engine Speed

Coolant = 50/50
Ethylene Glycol/H,0

MTV STANDARD CARGO VEHICLE

Low Load
Max. Engine Speed

Coolant = 50/50
Ethylene Glycol/H,0O
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Alternative Method

. I Fast and Accurate
Vehicle Based Cost Effective Tool

Multiple Variants ‘.’
System
Current Challenges e rovencnl =
Additional ) O
Components ‘ / <>
~E
i
Test Limitations )
Accurately Predict
St heduls Vehicle Critical Temps
Budget
7 # Tests
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Alternative Method

Software Criteria
» User friendly, fast and accurate
» Cooling components advanced and ready
to use
« Simultaneous solving of component
solutions
3D visualizing capability
 Cost effective
 Fully supported and routinely updated
» Steady state and transient capabilities

QAFE 8
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Pilot Project - Medium Tactical Vehicles

M1098 Wrecker
M1087 Expandable Van - cqmmonality Differences
Medium Tactical Vehicles ; Chassis Payloads
Drive Train Mission Requirements
Spare Parts TAC Design
Tools TAC Location

Equipment

:

P8

M1088A1 Tractor

Load Handling
System
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Pilot Project — MTV Test Matrix

Several Configurations:

Radiator/Fan (Base/Replacement)

A Air Conditioning (on/off)

L
|
|
5 Multiple Variants
- Cargo
0.70 X-Van
.
!
./

Wrecker
. Dump

0.60

A Range of Tractive Effort/\Neights
in high ambient temperatures

“*en..050 **°

Conventional methods only allowed 40% of the desired
results to be captured within this test matrix.



Full Load Cooling System Simulation
ODbjectives

N\ Create a FLC system simulation based on vehicle test
data that predicts critical fluid temperatures.

\ Validate and compare simulation results with test
results

N\ Use simulation to complement testing.

11
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Full Load Cooling System Simulation
FMTV Fluid and Thermal Systems

Engine Coolant System

[] Engine Oil System
L
| [
Air Conditioning System E_ _____ :L____
i |: ﬂ Transmission Oil System
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Full Load Cooling System Simulation
Responsibilities

Thermal system interaction:

Engine Lubrication Engine Heat

System Rejection Model

Under-Hood Coolant Refrigerant Cabin Air
Air Flow Circuit Loop Loop Flow Circuit

Gearbox Gearbox Heat
Lubrication System Rejection Model

13
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Full Load Cooling System Simulation 1-D
System Model Set Up

Engine Heat |, |
L 7 Mﬂl‘ﬂl
. I
CAC Radiator Water Pump .
E.— T_.

Aux TOC TOC “
oQAE

R
e
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Full Load Cooling System Simulation 1-D
System Model Inputs

System Boundary
Conditions

Ambient
Conditions

Radiator

Engine Heat E‘IH I
1l

Water Pum

i 1

Aux TOC TOC

Heat Exchanger
Performance

Engine Drive
Components
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Full Load Cooling System Simulation

Comparison with Test

16
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Full Load Cooling System Simulation - Coolant
Temperatures

Coolant Temp at 0.6 TE/WT - Vehicle #1

Coolant Temn at 0.55 TE/WT - Vehicle #2

——116 F Test —%— 116 F Simulation ——110 F Test —3— 110 F Simulation

. 220 Aﬁ( YK 220 1 A \M = ¢ X
o 200 1 200
= 180 | =180 -
S 160 = 160
o [«5)
£ 140 =140
[ e
~ 120 2120 -

100 100

>Rad Rad>  >TOC TOC> >Eng >Rad Rad> >TOC TOC> >Eng
Coolant Temp at 0.55 TE/WT - Vehicle #3 Coolant Temp at 0.55 TE/WT - Vehicle #4
——105 F Test —%— 105 F Simulation —>—110 F Test —X— 110 F Simulation

220 | 220 | M_ y e
200 200 e S
=180 | =180 |
[+ 3+
= 160 s 160
=140 =140
2120 2120 -

100 100

>Rad Rad>  >TOC TOC> >Eng >Rad Rad>  >TOC TOC> >Eng
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Full Load Cooling System Simulation —
Air Temperatures

Air Temp at 0.6 TE/WT - Vehicle #1 Air Temp at 0.55 TE/WT - Vehicle #2
—%— 116 F Test —X¥— 116 F Simulation —>¢—110F Test —X¥~ 110F Simulation
200 200
w180 w180
e e
S 160 S 160 -
< === J<
@ 140 L 140 K=
g / g- /
2 120 % ¢ 2 120 ~
100 100
Ambient >CAC CAC> >Rad Ambient >CAC CAC> >Rad
Air Temp at 0.55 TE/WT - Vehicle #3 Air Temp at 0.55 TE/WT - Vehicle #4
—>¢—105 F Test —X~ 105 F Simulation —>¢— 110 F Test —X— 110F Simulation
200 200
L 180 w180
e ®
3 160 = 160 1
s o J= — — =X
S 140 ~ © 140 _
£ z = Z
= 120 H# 2 120 #
100 100
Ambient >CAC CAC> >Rad Ambient >CAC CAC> >Rad
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Full Load Cooling System Simulation-

Oil Temperatures

Oil Temp at 0.6 TE/WT - Vehicle #1
—>¢«—116 F Test —¥— 116 F Simulation

280 M

260 \%——N
-~
~

240
220

200 -
180

160 -
140 -
120
100

Temperature F
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Oil Temp at 0.55 TE/WT - Vehicle #3
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3UU

—X— 105 F Simulation
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QAE
.

19

Temperature F

Oil Temp at 0.55 TE/WT - Vehicle #2

—>¢— 110 F Test —¥— 110 F Simulation

~

\x———x\x

>TAC TAC> >TOC TOC>

Temperature F

300

Oil Temp at 0.55 TE/WT - Vehicle #4
—>¢«—110 F Test —¥— 110 F Simulation

275
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200
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100

>TAC TAC> >TOC TOC>

06CV-190




Next Steps — Additional Variables

e Performance

e Equal or better than existing exchanger under same
operating conditions

* Variable Geometry
* Height, width, and depth
* Variable Location

20
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Next Steps - Performance Characteristics

Charge Air Cooler Nusselt Number vs. Re12 vs Re34 V3 CAC Nu v Re1-2 v Re3-4

~

d

'/

HE Nussult <=

£
QQ- <25 0 OOO
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Next Steps — Automated Approach

l‘—ﬂ Nusselt Number Calculator V5.user.xls
A | I | = | o = H | T J | K [t [ ™ [ N o [ p | a [ mrR [ s [ T =
-

Flowmaster Nusselt Number Calculator

1

2 |Project and Component Location
3 |Database Folder CaFlowmaster_DatabasesweSDatabazevflows_db Fipe Areal 1 m*
| 4 |Project Folder CAFlowmaster_DiatabaseswESDatabasesflows_ud Pipe Area2 1 m!

Project Name ANS_112308 Wwidth Across Air 1 m

& |MNetwork Name ANS_Erample Thicknessin Air F 1 m

7 |Surface Title: Fun_FM_Macro Test Wertical Height 1 m

g

3 |Heat Ezchanger Properties RBSUl‘tS

10| Thickness [m 0018 ) } Roguired Calfenlation Steps

1 _|Hot Side lecie o popiins oo T Eatis ) 1)Enter ‘Diatabase Dir.' and Praject Dit. T (7] Heat Duty (k]
— fiuids from FLOWMASTER? dambase

12| Fluid Type 2] Enter Project Mame’ and ‘hety |

13 |Flow Area[m?] 112E-03 5 3] Enter Measured Data’
4 [Hudrauic D[Emeter ml 10015925 e e #)Click butten 1[to read databass Aids/
| 15 |Inlet Pressure [bar] 1 6] Select required fluids from dropdawn menus

3. Click ro add ro Flowm asrer E] Click. button 2 to caleulate Musselt Mumber
= . 2 Note:

17| Fluid Type Dy - 7] Enter in “Surface Title" Highlighted cells in this

18| Flow &rea(m?) 4. Updzze Nemwork &) Click button 3 to add your surface to FIM column indicatevalues

19 |Hydraulic Diameter [m 9] Click. buttan 4 to run FM analysis and view results thethapehesnlimitediio
] prevent erars.

20 |Inlet Pressure (bar) 4 Start FHowmaster I

b

2z Required Data Dptional Data [give T ul!l Data Retrieved from Fif WAL S TERS Calcul.

23 | Mass Flow Rate [kgis) T.. (C) T..a(C) Hot Side Air Side

Heat . N _ [m [m qim
Duty (] | SPecific Heat (N Specific Heat | Thermal Cond. | ¥iscosity ATi e e c. ). |e.de AT:|[Wim2 K] Re.z Fesy Nu

24 Hot Side A e Hot Side | Air Side [WikgK) stm?) [Wikg K) (¥im*K) | (N sim?)
| 25 | 03282333333 0.20711304 a0 294] BAETIET1 GA.840233 24816643 3654.920914 00012206 1010.039763 0027324644 1.93E-05| 514 63 915222 04129934  3BEI1914 454811 12625494 20760139
| 26 | 16191EEEET 0206242 a0 273 ¥EA22972  ET.TEEI0E 32953064 JB2EEGIEZE  00003ET 1010.283368 0027523045 1943E-05| 635 G20GE2Z 814523 01060347 29506234 2EIETERD 1262002 22916626
| 27 | 0ERE 0 &04a 29| EY921651  EBRE4128 20232572 JHTZIEE132  0OONOT4 1010.236486 0027579523 1.943E-05| G139 234247 224953 02432351 42271354 10000925 126.02403 24523617
| 28 | 0.A7BEEEEET 080928326 a5 298] TZEGTITA  EB4M93 21360352 IBBZ072836 000052 101034932 0027626936 1943E-05| 617 IG0BEE  Z1TEE 01729747 41GE0EED  1DEGR4TE  120.34723 24017489
29 0.328166EET 13912 80.7 304] 53057391 DI2BS0ET  32N4.024 3540128813 0003388 1003928858 DOZTIS1968  1.917E-05) 803 TELYS 1404893 05490576 40E3.7I01 41381851 21908174 2689595
| 30 03275 138133364 80.3 300 43.30532 45075136 3537053 I0IZT02244  000H0DEE 1003.813327 00263323 1304E-05) 805 NGESE 20014 06121047 4TILIFY  3320163%  3M.21315  2340.3502)
3 1305666667 077054635 &0.4 273| 7FH.E3D034  T0.202335 33418.2 3555.503304  0.0010351 1010.38775 O0ZTEEEZI3  1343E-05) 531 TOIZES FPS.854 00837362 4407731 31595363 11947313 2543.0733
| 32 12935 080454555 a4 06| T4424703 TO3916 3234876 3585.284368 00010387 1010461323 0027792626 1956E-05) B0.8 4B37TET 912862 0137305 45ITHE3 21023381 12418603 26124127
| 22 0EBEIIZII 12817892 a2 223| E2.889282 BT489232 407IEEIZ 2BE49097E  0.001G45 1003.871201 0027269248 1822E-05] B} 232977 128657 0328493 4E41801 9BA.TEIEZ 21705134 27245265
| 34 | 09765 136794319 k] 281| £9.223905 B9.9B3ETZ  44012.77Z 2ETEBTREEE 00010257 101018207 0027241772 1927E-05) B2.8 248295 132164 0.2346098 4EZEE1 15169122 21423768 ZT424TET)
| 35 | 032B1BEEET  2IB2AT246 827 37| 47633093 44 46RI0E 40738609 3629981662 00014522 1003 7747433 002303657 1.3E-05| A1 116242 213391 0FR9GREZ G224 2238 38149083 60270026 3166 £333
| 36 OERRE 192366702 aly 280 EB1218202 52362371 47202363 EBISEIZT 0001234 1009873215 0027020464 1.911E-05) 632 233105 200325 02850532 GOG4I24E 92042723 JI4E32 23861377
| 37 | 0328223333 4 an 30| 42008433 408624 43870 JENEI443T  000EZH 1003674641 0026717234 1827E-05| G0 NB4TT 40287 O7DO044T EIBOE4I4  B40FTIT BIOETE0T  ZE2E44T
38 1293333223 139406345 a14 294 TIOEIT3Z  EZ023E1Z 47257436 JHTAMTOTT 00010705 010171202 0027545504 1.34E-05| 615 462903 MO0225 02007434  BETIO42 20397257 21691737 3204.5275)
| 39 1294333223 1993660126 a0 279 B2.213022 EER2G41Z  GBYT21.893 JBT2.952834 000037 1009944103 0027209822 1.913E-05) 629 46246 201646 0235345 GB4E2363 19708406 3414443 34377209
| 40 | 0475233333 196621414 s24 319 ET.05TIA BROSEZEE  BI492.877 3BT3029862 000075 1010.072463 0027444403 1934E-05) GO 40663 197491 02038023 E0S0.80E3  METEI21 30524212 35450309
| 41 | 16215 19912342 808 278 T020838  ETATI4ER  BOE20.ITY JBTE0A3092 00010254 1009343031 00272158234 1.92E-05| 63 GTI8EZ 20124 01941914 BIISET04 282218 31323061 34773932

42 OEBTRAZIAT 221264189 a19 314] GTEITTOE 42830833  GETA5.95 662450401 00012452 100986136 0027059713 1903E-05| B05 233692 324432 04308389 G259ET0Z  S9180433 60802185 270n2485) Y
M4 4 » M\ Master Copy/ | < I >

QAE 22
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Next Steps - Results

Top Tank Temperatures

Vehicle A Vehicle B Vehicle C

Heat Exchangers
X 180 °F 200 °F 210 °F
Y 180 °F 200 °F 210 °F

7 180 °F 200 °F 210 °F

23
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Next Steps - Observations

Simulation accurately represents cooling system performance
Thermal simulation simplified complex interactions

Initial validation process utilized:
Pre-processed component test data

Comprehensive vehicle test data

Process enables rapid and accurate analysis
— Heat exchanger options

— Multiple vehicle variants

Validating process for future heat exchanger evaluation

24
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Thanks for attending!

Questions?

Mary Goryca, US Army Tank-Automotive Research,
Development and Engineering Center

Neil Slyva, Flowmaster USA

N

TARARDEC

Fluid thinking for systems engineers
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